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Prompt identification of bloodstream pathogens is essential for optimal management of
patients. Significant changes in analytical methods have improved the turnaround time for
laboratory diagnosis. Less attention has been paid to the time elapsing from blood collection
to incubation and to its potential effect on recovery of pathogens. We evaluated the perfor-
mance of blood cultures collected under typical hospital conditions in relation to the length of
their pre-analytical time.
Methods
We carried out a large retrospective study including 50,955 blood cultures collected, over a
30-month period, from 7,035 adult septic patients. Cultures were accepted by the laboratory
only during opening time (Mon-Fri: 8am–4pm; Sat: 8am–2pm). Samples collected outside
laboratory hours were stored at room temperature at clinical wards. All cultures were pro-
cessed by automated culture systems. Day and time of blood collection and of culture incu-
bation were known for all samples.
Results
A maximum pre-analytical interval of 2 hours is recommended by guidelines. When the labo-
ratory was open, 57% of cultures were processed within 2 h. When the laboratory was
closed, 4.9% of cultures were processed within 2 h (P<0.001). Samples collected when the
laboratory was closed showed pre-analytical times significantly longer than those collected
when laboratory was open (median time: 13 h and 1 h, respectively, P<0.001). The preva-
lence of positive cultures was significantly lower for samples collected when the laboratory
was closed compared to open (11% vs 13%, P<0.001). The probability of a positive result
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decreased of 16% when the laboratory was closed (OR:0.84; 95%CI:0.80–0.89, P<0.001).
Further, each hour elapsed from blood collection to incubation resulted associated with a
decrease of 0.3% (OR:0.997; 95%CI:0.994–0.999, P<0.001) in the probability of a positive
result.
Discussion
Delayed insertions of cultures into automated systems was associated with lower detection
rates, with potentially important consequences for patients. In each hospital setting the
logistic factors able to shorten pre-analytical time should be carefully investigated and spe-
cifically targeted.
Introduction
Prompt identification of the infecting pathogen is essential for optimal management of
patients with sepsis syndromes, and has been reported to significantly improve patient out-
come, to reduce antibiotic resistance, to decrease healthcare costs, particularly with active anti-
microbial stewardship involvement [1–6].
Collecting blood cultures prior to antimicrobial therapy remains the most important diag-
nostic tool for sepsis syndrome and it is recommended as a standard of care in all international
guidelines for management of sepsis and septic shock [3, 6, 7]. The diagnosis of bloodstream
infection is one of the most critical functions of clinical microbiology laboratories.
The development of automated blood culture monitoring systems and, more recently, of a
number of molecular and mass spectrometry rapid identification methods have greatly short-
ened the turnaround time of the analytical phase [8–11]. In contrast, less attention has been
paid to the several logistic factors able to influence the time elapsing from blood sampling to
the start of blood culture processing in the laboratory (pre-analytical time), even though the
length of this time has also shown to have an impact on the overall turnaround time and on
the efficiency of the entire diagnostic process [5, 12–16].
Published guidelines recommend that the interval between the collection of blood and the
entry of the bottles into an automated blood culture system should not be longer than 2 or 4 h;
also manufacturer instructions indicate that inoculated vials should be transported to the labo-
ratory as quickly as possible [17–19]. However, many laboratories do not provide a 24 h-ser-
vice covering also holidays, and cultures obtained outside operating hours are often stored for
longer times in clinical wards, usually at room temperature, before entering the incubators in
the microbiological laboratory. In Italy, for instance, in a survey carried out in 2010 and
involving about 100 laboratories located all over the country, it was observed that in the half of
the investigated laboratories bottles were not immediately incubated during nightshifts [20].
Sometimes, the off-site location of the collection site causes long transport times, significantly
increasing the pre-analytical overall time [16]. In Europe, according to a survey carried out
across four countries (France, Germany, Italy and UK) in 2009 [21], most laboratories were
closed overnight and only about 40% of them offered services during the weekend, with mean
pre-analytical times of blood cultures ranging from 2 h in UK up to 20 h in German remote
Laboratories. Long pre-analytical times due to transport times have been reported in the Neth-
erlands as well, with 47% of cultures exceeding the recommended interval of 4 h [12].
Overall, studies on the recovery of microorganisms as a function of pre-analytical time are
limited, and the actual conditions at which a reduction in sensitivity could occur are not clearly
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established. Few authors have evaluated experimentally the effects of the delayed incubation of
blood culture bottles using samples spiked with microorganisms chosen among the most fre-
quently isolated species. They found that delayed incubation increased the number of false
negative cultures for different microorganisms [22, 23]. A prospective randomized and con-
trolled trial [13] has shown that immediate incubation of blood cultures was able to signifi-
cantly reduce the time to growth detection, identification and susceptibility testing but did not
evaluate the impact on the detection sensitivity. More recently, a study carried out in England
[24] has retrospectively evaluated blood culture yield over one year in a single critical care
unit: these authors observed that blood cultures were less likely to be positive if collected at
weekends.
To our best knowledge, no studies specifically aimed at evaluating the potential effects of
pre-analytical time on the recovery of pathogens in routine clinical settings have been carried
out up to now. Thus, we conducted a large retrospective study assessing, over a 30-month
period and under typical hospital operative conditions, the impact of the length of pre-analyti-
cal time on the performance of blood cultures collected from adult patients admitted at the
University Hospital of Modena (Italy).
Materials and Methods
Setting
The University Hospital of Modena is a 700-bed tertiary-care teaching hospital in Emilia-
Romagna Region (Northern Italy) with medical, surgical, oncological, obstetric and paediatric
facilities, intensive care unit and bone marrow and solid organ transplantation units. The on-
site laboratory of clinical microbiology and virology receives blood culture specimens from all
wards. The total number of blood culture bottles processed each year is about 15,000. During
the study period (from January 2008 to June 2011) the laboratory opened on weekdays from 8
am to 4 pm and on Saturdays from 8 am to 2 pm, while on Sundays and on local or national
holidays it was closed. When two holidays occurred consecutively, on the second day the labo-
ratory was open (8 am–2 pm).
Blood culture collection and processing
All blood cultures were performed per physician order as part of routine patient care. Accord-
ing to the hospital protocol and regional clinical practice guidelines, after accurate skin anti-
sepsis, two or three blood sets were collected as soon as possible for each potential episode of
bloodstream infection. Each set consisted of an aerobic and an anaerobic blood culture bottle
and, according to the manufacturer’s instructions, for adult patients, each bottle was filled by a
sterile needle with 8 to 10 ml of blood immediately after blood sampling. Bottles were trans-
ported to the laboratory by service personnel, since no automatic transportation system was
established in this hospital. As the laboratory accepted the blood cultures only during opening
time, blood cultures taken outside working hours were stored at room temperature in the clin-
ical ward (21–25˚C, all year around as an air conditioning system is operating in the whole
hospital) until they were transported at room temperature to the laboratory. Upon receipt in
the laboratory, the volume of blood inoculated into each bottle was assessed visually by com-
parison with known volume standards (10 ml).
Blood cultures were processed using the BACTEC system (Becton Dickinson). Each set
(Bactec Plus Aerobic/F and Bactec Plus Anaerobic/F) was processed according to the manufac-
turer’s instructions: bottles were incubated until they flagged as positive or until 5 days elapsed.
Bottles signalled as positive by an instrument were removed. A Gram stain and subcultures
onto solid plate were performed. Subsequently, identification of microorganisms and
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antimicrobial susceptibility testing were carried out by manual and automated methods
(Vitek, bioMerieux). Genetic sequencing technologies (Roche) were performed for some
strains that were not identified by conventional methods.
Each positive result was designated as “contaminant,” or “true positive”. A blood culture
was considered to be contaminated if one or more of the following organisms were isolated
from only one set of blood culture: coagulase-negative staphylococci (CoNS), Corynebacterium
species, Micrococcus species, Propionibacterium species and Bacillus species [17, 25, 26].
Data collection
For each blood culture the following parameters were retrospectively extracted from the labo-
ratory database and the Bactec system’s software: the vial code, the collection time (day, hour,
minute) of each blood sample; the time (hour, minute) of bottle entry into the instrument
(blood culture incubation time), the type of blood processed (peripheral or central catheter
blood), the main demographic characteristics of patient (sex and date of birth), patient’s
admission ward, and the microbiological result.
Only blood cultures collected from adult patients (>18 y/o) were considered eligible for the
study. All cultures resulted negative or positive were included in the study.
Pre-analytical time was defined as the time difference between the collection time and the
blood culture incubation time. Transport time and laboratory storage time before incubation
are included in pre-analytical time.
Statistical analyses
Length of pre-analytical time (median, interquartile range—IQR, 5th and 95th percentiles) was
calculated for all blood cultures, and for cultures subgroups defined according to laboratory
opening/closing time, day of sampling and results of blood culture. As data were not normally
distributed, differences in length were compared using Mann-Whitney U test or Kruskal-Wal-
lis test.
Frequencies of positive results for Bacteria, Yeasts and the main microbial subgroups were
calculated for all blood cultures included in the study and for cultures subgroups defined by
type of blood collected (peripheral or central catheter blood), collection time (during labora-
tory opening/closing time) and different categories of pre-analytical time lengths. Differences
in frequency were tested by Pearson chi-squared test.
Multivariate logistic regression analyses were then performed in order to estimate the prob-
ability of positive results, as expressed as Odds Ratios (OR) and 95% Confidence Intervals
(CI), according to laboratory opening/closing time or according to different pre-analytical
time lengths. ORs were adjusted for demographic characteristics of subjects (sex and age),
patient’s ward and for type of blood sampled (peripheral or central catheter blood) and were
calculated both for overall positive results and for most frequently isolated microorganisms
separately. For all statistical tests, a P<0.05 was considered to be statistically significant. All sta-
tistical tests were performed using IBM SPSS Statistics package ver. 21.
This study met the exemption criteria of clinical research of the ethics committee as it is an
observational retrospective study based only on laboratory routinely collected data and did not
allow the identification of patients.
Results
A total of 52,548 blood culture bottles for diagnosis of bloodstream infections in adult patients
were analysed over a 30-month period (January 2008 to June 2011). Among them, 1,437 blood
cultures were excluded from the study as interpreted as contaminated. Further, 146 bottles
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were excluded as time of blood collection and/or of insertion in the automated monitoring sys-
tem was missing. After all these exclusions, we evaluated 50,955 blood cultures (38,596–76%
peripheral blood samples and 12,359–24% central catheter venepunctures) collected from
7,035 subjects (54.2% males; mean age: 64 ± 18 years) admitted in medical (44.4%), surgical
(10.4%), onco-hematological (18.5%), intensive care (21.9%) and emergency (4.8%) wards.
Overall, 44,938 (88%) cultures resulted negative, 5,570 (11%) tested positively for Bacteria
and 447 (1%) for Yeasts. As shown in Table 1, the most frequently isolated microorganism was
Escherichia coli (22%), followed by CoNS (19%) and Staphylococcus aureus (14%). Among
Yeasts, Candida gender accounted for 98% of isolates, with Candida albicans representing 54%
of samples positive for Yeasts. In central catheter cultures the frequency of positive results was
significantly higher than in peripheral blood samples (Bacteria: 14% vs 10%; Pearson chi-
squared test, P<0.001; Yeasts: 1.5% vs 0.7%; Pearson chi-squared test, P<0.001).
The length of pre-analytical time showed a broad variability (median time: 4 h; interquartile
range: 2–16 h, 95th percentile: 35 h). 14,426 blood samples (28.3%) were processed by a 2 h-
interval, 24,935 (48.9%) by a 4 h-interval and the remaining samples were incubated after lon-
ger intervals (26.4% after 4 h and within 16 h, 17.8% after 16 h and within 24 h, and 6.9% after
Table 1. Microorganisms isolated in blood cultures.
Microorganism n %
Gram-positive bacteria
Coagulase-negative staphylococci 1133 18.8
Staphylococcus aureus 859 14.3
Enterococcus spp. 506 8.4
Streptococcus spp. other than S. pneumoniae 222 3.7
Streptococcus pneumoniae 64 1.1
Listeria monocytogenes 19 0.3
Other 97 1.6
Gram-negative bacteria
Escherichia coli 1325 22.0
Other Enterobacteriaceae 505 8.4
Klebsiella spp. 300 5.0
Pseudomonas aeruginosa 229 3.8
Acinetobacter spp. 103 1.7
Haemophilus influenzae, Neisseriae meningitidis 11 0.2
Brucella spp. 7 0.1
Other 63 1.0
Anaerobic bacteria
Bacterioides spp. 32 0.5
Other 24 0.4
Yeasts and Fungi
Candida albicans 239 4.0
Candida parapsilosis complex 75 1.2
Candida glabrata 59 1.0
Candida tropicalis 30 0.5
Candida guillermondii 16 0.3
Candida krusei 8 0.1
Other Candida spp. 11 0.2
Fusarium spp. 6 0.1
Other 3 0.05
doi:10.1371/journal.pone.0169466.t001
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24 h). No difference in pre-analytical times among weekdays (Monday to Friday) was observed
(Kruskal-Wallis test, P = n.s.). On the contrary, as expected, significant differences in the
length of pre-analytical time were recorded between weekdays and weekend/holidays and in
relation to laboratory opening/closing times, with the longest pre-analytical time observed for
blood samples collected during the laboratory weekend closing time (Table 2). Accordingly,
during laboratory opening and closing hours, blood cultures with an entry time shorter than 2
h were respectively 57% and 4.9% and those incubated by a 4h-interval were respectively
80.1% and 23.5% (Pearson chi-squared tests, P<0.001). Further, when blood was collected
during weekends, most samples (81.6%) were characterized by an entry time longer than 16 h.
The distribution of pre-analytical times showed a significant shift towards longer times in
negative samples (median: 4 h; 95th percentile: 35 h) in comparison to positive cultures
(median: 4 h; 95th percentile: 25 h, Mann-Whitney U test, P = 0.023). Further, the frequency of
positive blood cultures varied significantly according to the time of blood collection. When
samples were collected during laboratory opening hours 13.0% of cultures were positive, while
when blood was sampled during laboratory closing times only 10.8% of cultures tested posi-
tively (Table 3). During laboratory closing time the overall probability of having a positive
result showed a significant decrease of about 16% (adjusted OR:0.84; 95%CI:0.80–0.89). Differ-
ences in the prevalence of positive samples and in the probability of a positive result were
highlighted as well when blood cultures positive for Bacteria (all), Gram positive or Gram neg-
ative bacteria and Yeasts were considered separately. Similar trends were observed for many
microorganisms, including CoNS (adjusted OR:0.80; 95%CI:0.71–0.91, P<0.001), S. aureus
Table 2. Pre-analytical time distribution (h) according to day and/or time of sampling.
Day or time of sampling N median IQR Pb
Weekdays 41367 3 1–14 <0.001
Weekend/holidays 9588 17 2–36
Lab opena 22905 1 1–3 <0.001
Lab closed 28050 13 4–16
Lab closed, weekdays 22110 10 3–15 <0.001
Lab closed, weekend 5940 25 17–39
a Mon-Fri: 8 am–4 pm; Sat: 8 am–2 pm;
b length distributions of pre-analytical time according to day and/or time of sampling were compared using the nonparametric Mann-Whitney U test
doi:10.1371/journal.pone.0169466.t002
Table 3. Frequency (n, %) and probability of a positive result (OR and 95%CI) according to laboratory opening and closing times.
Microbiological results of Blood cultures Lab opena n (%) Lab closed n (%) ORb (95%CI) pb
Negative 19927 (87.0%) 25011 (89.2%) 1
Positive (all) 2978 (13.0%) 3039 (10.8%) 0.84 (0.80–0.89) <0.001
Bacteria (all) 2751 (12.0%) 2819 (10.0%) 0.84 (0.80–0.89) <0.001
Gram positive bacteria 1483 (6.9%) 1417 (5.4%) 0.80 (0.74–0.86) <0.001
Gram negative bacteria 1194 (5.7%) 1331 (5.1%) 0.90 (0.83–098) 0.01
Yeasts 227 (1.0%) 220 (0.8%) 0.85 (0.70–1.03) 0.090
a Mon-Fri: 8am-4pm; Sat: 8 am-2 pm
b each category of positive results has been compared with the category of negative results (referent category) in a separate multivariate logistic regression
analysis. ORs were adjusted for type of blood sample (peripheral vs central catheter blood), clinical ward (medical, surgical, onco-hematological, intensive
care, emergency units) and sex and age of the patient.
doi:10.1371/journal.pone.0169466.t003
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(adjusted OR:0.76; 95%CI:0.66–0.87, P<0.001), Enterococci (adjusted OR:0.80; 95%CI:0.67–
0.96, P<0.05), E. coli (adjusted OR:0.90; 95%CI:0.81–1.00, P = 0.052), Klebsiella spp. (adjusted
OR:0.82; 95%CI:0.65–1.03, P = 0.083) and Pseudomonas aeruginosa (adjusted OR:0.22; 95%
CI:0.63–1.07, P = 0.143).
Regardless of when blood samples were taken (during laboratory opening or closing
hours), a delay in processing blood cultures longer than 2 h (occurring for 36,529 blood cul-
tures– 71.7%) was associated with a reduction in the probability of having a positive result.
This reduction was observed both when all positive results were included in the analysis
(adjusted OR:0.92; 95%CI:0.86–0.97, P<0.01) and when cultures positive for all Bacteria
(adjusted OR:0.91; 95%CI:0.86–0.97, P<0.01) or Gram-positive bacteria (adjusted OR:0.87;
95%CI:0.81–0.95, P = 0.01) were considered independently.
Finally, the overall probability of having a positive result significantly decreased by 0.3%
(adjusted OR: 0.997 95%CI: 0.994–0.999, P = 0.011) each further hour elapsed from blood col-
lection to blood culture incubation.
Discussion
As far as we know, this was the first study retrospectively investigating the performance of
blood cultures in typical hospital and laboratory operative conditions in relation to the length
of their pre-analytical storage time. Almost 51,000 blood cultures processed over a 30-month
period were included in the study. Blood samples collected during laboratory closing hours
(nightshifts, weekends and public holidays) were characterized by a pre-analytical time signifi-
cantly longer than samples collected during laboratory opening hours. Regardless of when
blood samples were taken (during laboratory opening or closing times), pre-analytical time
resulted as an independent factor able to influence the frequency of positive results: blood cul-
tures with longer entry delays were more likely to show negative results than blood cultures
processed quicker.
It has been experimentally estimated that 0.3 to 15.3% of bottles containing Bacteria or
Fungi are flagged negative by blood culture systems [22, 23, 27–32]. The main parameters
associated with a false-negative signal are the length of pre-analytical time, the temperature at
which the bottles are stored and the type of microorganism involved [22, 23, 27, 30–32]. Lee
et al. [22], for instance, using a simulated bacteraemia model, studied the growth dynamics of
S. aureus, E. coli and P. aeruginosa and observed that, especially for P. aeruginosa, the number
of false negative results were affected by changes in preincubation storage times and tempera-
ture with the highest false-negative rates occurring following a pre-incubation for 48 h at 25˚C
or for 24 h at 37˚C. Sautter et al. [23] selected fifteen clinical isolates of ten different microor-
ganisms, including both common clinical organisms and some challenge organisms more dif-
ficult to recover, and observed an increasing number of false-negative results, especially for S.
aureus, S. pneumoniae, E. coli and P. aeruginosa, when bottles were held for more than 24 h at
4˚C or at room temperature or for more than 12 h at 37˚C. As reported also by Klaerner et al.
[27], who reported a failure of the automated system to detect non fermentative Gram negative
bacteria when bottles were pre-incubated at 36˚C for 8 h, system fails to detect positive bottles
may occur when bottles entering the incubation system contain microorganisms which have
already reached the stationary phase.
In clinical operative settings some previous studies on pre-analytical conditions and length
and their effects on the time occurring for a microbiological diagnosis have been performed
[14–15, 33–35]. None of these investigations looked at microorganism recovery or at changes
in the probability of positive results. All these studies demonstrated a significant effect of stor-
age times, together with storage conditions, on the length of the total time for a diagnosis. Due
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to the start of growing in blood culture prior to incubation, a reduction in the time to a positive
result in association with a delayed entry was observed after incubation for some microorgan-
isms in some of these studies [14, 33], however the it never compensated the time period
spend outside the incubator system and therefore did not result in a net time benefit. More
recently, a study carried out by Morton et al. [23] evaluated blood culture performance as a
surrogate for the quality of support service provision. The authors observed that at weekends
blood cultures were less likely to test positively than during weekdays and they hypothesized
that this could be a consequence of the reduced provision of support laboratory services caus-
ing delays and errors in culture incubation and processing.
Due to the operative conditions established in our hospital during the study period, the
pre-analytical time of blood cultures could last up to 17 h during nightshifts and up to 48 h
during laboratory weekend or holiday closing time, with more than 50% of blood samples col-
lected during weekends characterized by delayed entry times longer than 24 h. Only during
weekly laboratory opening hours most (but not all) blood samples could be incubated in accor-
dance with the intervals suggested by international guidelines (57% and 80% of blood cultures
were incubated respectively by 2 h and 4 h from the moment of the sampling). We believe that
this is a very common situation: the opening times and days adopted by our laboratory during
the study period were similar to those reported by many other laboratories in different hospital
settings all-around Europe [20, 21]. Further, the pre-analytical times observed in our study are
in agreement with the storage times reported by other authors for hospitals with laboratories
characterized by limited operating hours or with off-site laboratories [12, 14, 16, 21].
In order to increase the performance of blood cultures, laboratory opening time/days could
be increased and, during closing hours, whenever possible, laboratories could endeavour to
make automated blood culture systems available outside the laboratory or at the point of care
of critically ill patients so as to enable immediate incubation. Almost twenty years ago Riest
et al. [36] had already demonstrated that time benefit of continuously monitoring of blood cul-
tures in incubators is lost when the loading and the processing of blood cultures is discontinu-
ous, and Bengtsson et al. [37] had reported a significant reduction in bacterial diagnosis time
with the implementation of a 24 h, 7 day continuous loading of blood culture system. More
recently, Kerremans et al. [13] carried out a prospective randomized controlled clinical trial
assessing the impact of immediate incubation outside laboratory hours of blood cultures on
turnaround times and antibiotic prescription practices. They found out that this procedure
was able to accelerate antibiotic switching and, potentially, to improve patient outcomes, to
decrease antibiotic use and to reduce management costs. Traditionally, in many settings, dur-
ing nightshifts and weekends, pre-incubation at 37˚C without growth monitoring is available
as well. Both Koh et al. [34] and van der Velden et al. [35] demonstrated that this procedure
enabled earlier final reports than storage at room temperature. However, as reported by several
authors, pre-incubation at 37˚C increases false-negative rate, especially if it lasts for long time
[22, 23, 27–30, 32, 35]. Thus, some authors suggested that gram staining and subculture on
arrival into the laboratory and a visual inspection of all pre-incubated bottles for any sign of
bacterial growth prior to insertion into the automated systems should be considered when a
pre-incubation longer than 12 h is performed [27–30, 35]. As recommended by several labora-
tory practices and reference guidelines, pre-incubation without growth monitoring for more
than 12 h should be discouraged and room temperature should be considered as the most
appropriate storage and transport temperature [17, 18, 26, 31].
Further, during laboratory opening time, blood culture bottles should be readily submitted
to the laboratory. Previous studies have identified several logistic factors able to act as signifi-
cant predictors of longer storage times, including clinical ward or laboratory off-site location,
clinical speciality, time of sampling and number of transports per day [12, 14]. Both the clinical
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and financial benefits related to a more rapid bacterial identification have been already
reported by several authors [1, 2, 5, 13, 34–35, 38]. The financial costs of implementing poten-
tially effective interventions can be significantly different depending on the action chosen.
Making continuously monitoring blood culture incubators available outside the laboratory
during its closing time could be an intervention not expensive and easy to integrate into the
existing procedures of a microbiological laboratory as suggested by Kerremans et al. [13]. On
the other hand, increasing the opening time/days of the laboratory could be an action much
more expensive and challenging without planning large centralized laboratory facilities. Pre-
incubating blood cultures at 37˚C during laboratory closing time could significantly increase
both staff and supplies costs as well, if staining and subculture are planned, as also reported by
van der Velden et al. [35]. In each hospital setting, different logistic and organizational factors
should be carefully investigated in order to identify the most critical ones and to target the
most cost-effective actions able to improve the local situation.
This study, of course, is characterized by some methodological limitations. It is a retrospec-
tive analysis based only on laboratory electronically stored data, and therefore, the correspon-
dence between blood culture results and clinical status of patients could not be evaluated.
Information on sex, age and admission ward of patients was available, however further
unknown parameters might have affected microbiological results, including timing of vene-
puncture, skin antisepsis, blood volume, antibiotic treatment prior to sampling and patient
comorbidities. Nevertheless, there is no reason to think that during nightshifts or weekends
the actual frequency of patients with bacteraemia or the effects of parameters affecting blood
culture results could be different from that expected during laboratory opening times. Finally,
only blood cultures collected from adult patients were considered eligible for the study. Paedi-
atric blood cultures, however, were excluded as evidence suggests that contamination occurs
more frequently in this population, especially in young infants. Several reasons, including the
reduced blood volume often cultured, the lower number of blood culture sets usually collected,
the common use of exiting intravenous catheters for obtaining cultures instead of peripheral
venepunctures, have been identified to explain these findings [25; 31]. Our data and results
refer to typical operative conditions and therefore describe what was actually occurring in our
hospital: we believe that this is an important strength of the study. Further, the long study
period (30 months) and the large number of blood samples (about 51,000) and patients (7,035)
investigated significantly increased the power to detect differences in the probability of blood
culture positive results according to the length of pre-analytical time.
In conclusion, in our study we observed a relationship between the length of storage time at
room temperature of blood cultures and the recovery of microorganisms. Delayed insertions
into continuous monitoring systems were associated with the probability of lower detection
rates for different microorganisms with potentially important consequences in the manage-
ment of patients. We hope that these results could support microbiologists, clinicians and hos-
pital managers in the identification and implementation of strategic targeted actions aimed at
minimizing turnaround time and at increasing microbiological performance of blood cultures,
the most important diagnostic tool for patients with sepsis syndromes.
Author Contributions
Conceptualization: CV ER MG FR GA GMR CM.
Data curation: CV ER LB SB.
Formal analysis: ER LB GA SB.
Methodology: CV ER MG CM.
Pre-Analytical Time and Pathogen Recovery
PLOS ONE | DOI:10.1371/journal.pone.0169466 January 3, 2017 9 / 11
Resources: CV FR ER GA MG CM.
Supervision: MG CV.
Writing – original draft: ER CV GMR GA MG.
Writing – review & editing: GA GMR MG CM FR.
References
1. Barenfanger J, Drake C, Kacich G. Clinical and financial benefits of rapid bacterial identification and
antimicrobial susceptibility testing. J Clin Microbiol. 1999; 37: 1415–1418. PMID: 10203497
2. Berild D, Mohseni A, Diep LM, Jensenius M, Ringertz SH. Adjustment of antibiotic treatment according
to the results of blood cultures leads to decreased antibiotic use and costs. J Antimicrob Chemother.
2006; 57: 326–330. doi: 10.1093/jac/dki463 PMID: 16387751
3. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al. Surviving Sepsis Campaign
Guidelines Committee including the Pediatric Subgroup. Surviving sepsis campaign: international
guidelines for management of severe sepsis and septic shock: 2012. Crit Care Med. 2013; 41: 580–
637. PMID: 23353941
4. Ferrer R, Martin-Loeches I, Phillips G, Osborn TM, Townsend S, Dellinger RP, et al. Empiric antibiotic
treatment reduces mortality in severe sepsis and septic shock from the first hour: results from a guide-
line-based performance improvement program. Crit Care Med. 2014; 42: 1749–1755. PMID: 24717459
5. Kerremans JJ, Verboom P, Stijnen T, Hakkaart-van Roijen L, Goessens W, Verbrugh HA, et al. Rapid
identification and antimicrobial susceptibility testing reduce antibiotic use and accelerate pathogen-
directed antibiotic use. J Antimicrob Chemother. 2008; 61: 428–435. doi: 10.1093/jac/dkm497 PMID:
18156278
6. Reinhart K, Brunkhorst FM, Bone HG, Bardutzky J, Dempfle C, Forst H, et al. Prevention, diagnosis,
therapy and follow-up care of sepsis: 1st revision of S-2k guidelines of the German Sepsis Society
(Deutsche Sepsis-Gesellschaft e.V. (DSG)) and the German Interdisciplinary Association of Intensive
Care and Emergency Medicine (Deutsche Interdisziplina¨re Vereinigung fu¨r Intensiv- und Notfallmedizin
(DIVI)). Ger Med Sci ejournal 2010; 8:Doc14.
7. Riedel S, Carroll KC. Blood cultures: key elements for the best pratices and future directions. J Infect
Chemoter. 2010; 16: 301–316.
8. Buehler SS, Madison B, Snyder SR, Derzon JH, Cornish NE, Saubolle MA, et al. Effectiveness of prac-
tices to increase timeliness of providing targeted therapy for inpatients with bloodstream infections: a
laboratory medicine best practices systematic review and meta-analysis. Clin Microbiol Rev. 2016; 29:
59–103. PMID: 26598385
9. Clark AE, Kaleta EJ, Arora A, Wolk DM. Matrix-assisted laser desorption ionization-time of flight mass
spectrometry: a fundamental shift in the routine practice of clinical microbiology. Clin Microbiol Rev.
2013; 26: 547–603. PMID: 23824373
10. Liesenfeld O, Lehman L, Hunfeld KP, Kost K. Molecular diagnosis of sepsis: new aspects and recent
developments. Eur J Microbiol Immunol. 2014; 4: 1–25.
11. Murray PR, Masur H. Current approaches to the diagnosis of bacterial and fungal bloodstream infec-
tions for the ICU. Crit Care Med. 2012; 40: 3277–3282. PMID: 23034460
12. Kerremans JJ, Van der Bij AK, Goessens W, Verbrugh HA, Vos MC. Needle-to-incubator transport
time: logistic factors influencing transport time for blood culture specimens. J Clin Microbiol. 2009; 47:
819–822. doi: 10.1128/JCM.01829-08 PMID: 19129412
13. Kerremans JJ, Van der Bij AK, Goessens W, Verbrugh HA, Vos MC. Immediate incubation of blood cul-
tures outside routine laboratory hours of operation accelerates antibiotic switching. J Clin Microbiol.
2009; 47: 3520–3523. doi: 10.1128/JCM.01092-09 PMID: 19710262
14. Ro¨nnberg C, Mildh M, Ullberg M, O¨ zenci V. Transport time for blood culture bottles: underlying factors
and its consequences. Diagn Microbiol Infect Dis. 2013; 76: 286–290. doi: 10.1016/j.diagmicrobio.
2013.03.031 PMID: 23680239
15. Saito T, Linuma Y, Takakura S, Nagao M, Matsushima A, Shirano M, Ichiyama S. Delayed insertion of
blood culture bottles into automated continuously monitoring blood culture systems increases the time
from blood sample collection to the detection of microorganisms in bacteremic patients. J Infect Che-
mother. 2009; 15: 49–53. PMID: 19280302
16. Willems E, Smismans A, Cartuyvels R, Coppens G, Van Vaerenbergh K, Van den Abeele A, et al. The
preanalytical optimization of blood cultures: a review and the clinical importance of benchmarking in 5
Belgian hospital. Diagn Microbiol Infect Dis. 2012; 73: 1–8. PMID: 22578933
Pre-Analytical Time and Pathogen Recovery
PLOS ONE | DOI:10.1371/journal.pone.0169466 January 3, 2017 10 / 11
17. Clinical Laboratory Standards Institute. Principles and procedures for blood cultures; approved guide-
line. CLSI document M47-A. CLSI, Wayne, PA; 2007.
18. Garcia LS. Clinical microbiology procedures handbook. 3rd ed. ASM Press, Washington, DC; 2010.
19. Public Health England. UK standards for microbiology investigations. Investigation of blood cultures (for
organisms other than Mycobacterium Species). Bacteriology. 2014; 8: 1–51. Available: https://www.
gov.uk/uk-standards-for-microbiology-investigations-smi-quality-and-consistency-in-clinical-
laboratories
20. Goglio A, Nicoletti P, Pecile P, Raglio A. Survey of blood cultures methods in Italy in 2010. Microbiologia
Medica 2011; 26: 156–168.
21. Schmitz RP, Keller PM, Baier M, Hagel S, Pletz MW, Brunkhorst FM. Quality of blood culture testing—a
survey in intensive care units and microbiological laboratories across four European countries. Crit
Care. 2013; 17:R248. Available: http://ccforum.com/content/17/5/R248 PMID: 24144084
22. Lee DH, Koh EH, Choi SR, Kim S. Growth dynamics of Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa as a function of time to detection in BacT/Alert 3D blood culture bottles with
various preincubation conditions. Ann Lab Med. 2013; 33: 406–409. doi: 10.3343/alm.2013.33.6.406
PMID: 24205488
23. Sautter RL, Bills AR, Lang DL, Ruschell G, Heiter BJ, Bourbeau P. Effects of delayed-entry conditions
on the recovery and detection of microorganisms from BacT/ALERT and BACTEC blood culture bottles.
J Clin Microbiol. 2006; 44: 1245–1249. doi: 10.1128/JCM.44.4.1245-1249.2006 PMID: 16597846
24. Morton B, Nagaraja S, Collins A, Pennington SH, Blakey JD. A Retrospective evaluation of critical care
blood culture yield—do support services contribute to the “weekend effect”? PLoS ONE. 2015; 10:
e0141361. PMID: 26492559
25. Hall KK, Lyman JA. Updated review of blood culture contamination. Clin Microbiol Rev. 2006; 19: 788–
802. doi: 10.1128/CMR.00062-05 PMID: 17041144
26. Jorgensen JH, Pfaller MA, Carroll KC, Funke G, Landry ML, Richter SS, et al. Manual of Clinical Micro-
biology, 11th Edition. Vol 1. ASM Press, Washington, DC; 2015.
27. Klaerner HG, Eschenbach U, Kamereck K, Lehn N, Wagner H, Miethke T. Failure of an automated
blood culture system to detect nonfermentative gram-negative bacteria. J Clin Microbiol. 2000; 38:
1036–1041. PMID: 10698992
28. Mirrett S, Everts RJ, Reller LB. Controlled comparison of original vented aerobic FAN medium with the
new nonvented BacT/ALERT FA medium for culturing blood. J Clin Microbiol. 2001; 39: 2098–2101.
PMID: 11376041
29. Lemming L, Holt HM, Petersen IS,Østergaard C, Bruun B. Bactec 9240 blood culture system: to prein-
cubate at 35 degrees C or not? Clin Microbiol Infect. 2004; 10: 1089–1091. PMID: 15606636
30. Seegmu¨ller I, Eschenbach U, Kamereck K, Miethke T. Sensitivity of theBacT/ALERT FA-medium for
detection of Pseudomonas aeruginosa in pre-incubated blood cultures and its temperature-depen-
dence. J Med Microbiol. 2004; 53: 869–874. PMID: 15314193
31. Lamy B, Dargère S, Arendrup MC, Parienti JJ, Tattevin P. How to Optimize the Use of Blood Cultures
for the Diagnosis of Blood stream Infections? A State-of-the Art. Front Microbiol. 2016; 7: article 697.
doi: 10.3389/fmicb.2016.00697 PMID: 27242721
32. Akan OA, Yildiz E. Comparison of the effect of delayed entry into 2 different blood culture systems
(BACTEC 9240 and BacT/ALERT 3D) on culture positivity. Diagn Microbiol Infect Dis. 2006; 54: 193–
196. doi: 10.1016/j.diagmicrobio.2005.09.016 PMID: 16427242
33. Janapatla RP, Yan JJ, Chien ML, Chen HM, Wu HM, Wu JJ. Effect of overnight storage of blood culture
bottles on bacterial detection time in the BACTEC 9240 blood culture system. J Microbiol Immunol
Infect. 2010; 43: 126–132. PMID: 20457429
34. Koh EH, Lee DU, Kim S. Effects of preincubating blood culture bottles at 37˚C during the night shift and
of collected blood volume on time to detection and days to final report. Ann Clin Microbiol. 2014; 17: 14–
19.
35. Van Der Velden LB, Vos FJ, Mouton JW, Sturm PD. Clinical impact of preincubation of blood cultures at
37˚C. J Clin Microbiol. 2011; 49: 275–280. doi: 10.1128/JCM.00552-10 PMID: 21068285
36. Riest G, Linde HJ, Shah PM. Comparison of BacT/Alert and BACTEC NR 860 blood culture systems in
a laboratory not continuously staffed. Clin Microbiol Infect. 1997; 3: 345–351. PMID: 11864131
37. Bengtsson J, Wahl M, Larsson P. Assessment of the BacT/Alert blood culture system: rapid bacteremia
diagnosis with loading throughout the 24 h. Clin Microbiol Infect. 1998; 4: 33–37. PMID: 11864230
38. Fitzpatrick F, Turley M, Humphreys H, Smyth E. An after-hours clinical liaison blood culture service–is it
worth it? Clin Microbiol Infect. 2004; 10: 917–921. PMID: 15373887
Pre-Analytical Time and Pathogen Recovery
PLOS ONE | DOI:10.1371/journal.pone.0169466 January 3, 2017 11 / 11
